Observers performed a relative localisation task in which they reported whether the second 18 of two sequentially presented signals occurred to the left or right of the first. Stimuli were 19 detectability--matched auditory, visual, or auditory--visual signals and the goal was to 20 compare changes in performance with eccentricity across modalities. Visual performance 21 was superior to auditory at the midline, but inferior in the periphery, while auditory--visual 22 performance exceeded both at all locations. No such advantage was seen when 23 performance for auditory--only trials was contrasted with trials in which the first stimulus 24 was auditory--visual and the second auditory only. 25 26 27 28
INTRODUCTION
throughout frontal space for equally-detectable auditory and visual signals and (ii) whether an 48 auditory-visual signal conferred a processing advantage over the most effective unisensory 49 stimulus. Finally, because we observed a clear multisensory benefit, we also included stimuli 50 in which an auditory-visual reference was followed by an auditory only target. It was 51 hypothesised that localisation acuity would decline with eccentricity for both auditory and 52 visual signals but that at central locations (i.e. the fovea) vision should provide the most 53 accurate estimate of source location, whereas at more peripheral locations sound localisation 54 would be more accurate than visual localisation. For testing, participants sat in the middle of an anechoic chamber surrounded by a ring 64 speakers arranged at 15° intervals from -67.5° to +67.5° ( Figure 1A) . Each speaker had a 65 light emitting diode (LED) mounted immediately below it. The participants' heads were kept 66 in a stationary position and supported there by a chin rest. Participants were asked to 67 maintain fixation on a fixation cross located on the speaker ring at 0° azimuth and their head 68 and eye position were remotely monitored with an infra-red camera. All stimuli were generated in MATLAB and presented using the PsychToolBox extension 77 (Brainard, 1997) at a sampling frequency of 48 kHz. Participants reported the location of a 78 target stimulus (left or right) relative to a preceding reference stimulus. In the Auditory (A) 79 condition 3 pulses of white noise were presented from a reference speaker, followed by 3 80 pulses of white noise from a target speaker. In the Visual (V) condition three pulses of light 81 were emitted from a reference LED mounted on a speaker, followed by three pulses of light 82 from a target location. In the Auditory-Visual (AV) condition in Experiment 1 spatially and 83 temporally coincident light and sound pulses were presented. In Experiment 2 spatially and 84 temporally coincident sound and lights were presented at the reference location, and only the 85 auditory stimulus was presented at the target location. Auditory stimuli were broadband 86 noise bursts (as in Wood and Bizley, 2015) . Reference and target speakers were always 87 separated by 15° ( Fig. 1A) . Stimulus pulses were 15 ms in duration, cosine ramped with 5ms 88 duration at the onset and offset of each pulse. Pulses were presented at a rate of 10 Hz with a 89 185 ms delay between the end of the final pulse at the reference speaker and the first pulse at 90 the target speaker in order to aid perceptual segregation of the reference and the target. The 91 pulses were embedded in a noisy background generated by presenting independently 92 generated auditory and visual noise from each speaker/LED. The amplitude was varied every 93 15 ms with amplitude values drawn from a distribution whose mean and variance could be 94 controlled (see Wood and Bizley, 2015) . In these experiments the mean noise level across all 95 speakers was 63 dB SPL (calibrated using a CEL-450 sound level meter) and the signal 96 attenuation was set for each participant by performing a threshold measurement. At the start 97 of each trial the noisy background was ramped on with a linear ramp over 1 second and 98 ramped down over 1 second at the end of the trial. The stimulus pulses, which constituted the 99 reference and target, were presented between 50 and 1000 ms after the noise reached its full In order to perform the auditory and visual task at equivalent levels of difficulty an initial 109 threshold test was performed. In this task participants were oriented to face a speaker at the 110 frontal midline (0° azimuth). The reference stimulus was always presented from this 111 speaker/LED, and the target was presented from a speaker/LED at either -60° or +60°.
112
Auditory and visual stimuli were presented in separate testing blocks. Participants reported 113 the direction in which the stimulus moved using the left and right arrows on a keyboard to 114 indicate -60° and +60°, respectively. Auditory stimuli were presented at 10 different SNRs 115 by varying the signal attenuation in 1 dB steps over a 10 dB range, and visual stimuli were 116 presented at 7-10 SNRs by varying voltage values driving the LEDs. Percentage correct 117 lateralisation scores were fit using binomial logistic regression and the threshold value (90% 118 correct) was extracted from the fitted function. The aim was to present stimuli at a level that 119 was clearly audible/visible, but difficult enough to be challenging for the subsequent relative 120 localisation task. The threshold therefore served both to match difficulty across participants 121 (as in Wood and Bizley, 2015) and sensory modalities.
122

H Analysis
123
Overall performance was assessed using signal detection theory to calculate sensitivity index 124 (dˈ) statistics for participants' ability to discriminate whether a target sound moved left or 
RESULTS
140
Before participating in Experiment 1 listeners performed two short detection-in-noise 141 threshold tests. These served to match the detectability of signals across modalities by 142 assessing performance in a reduced version of the task across a range of signal attenuations 143 (Fig 1B,C) . This step is critical as it allows us to test each modality at an equivalently 144 difficult level so that we can directly compare localisation ability across auditory and visual 145 signals, it further serves to match difficulty across participants. presented at their pre-determined signal attenuations. Performance varied throughout 150 azimuthal space ( Fig. 2A) with the best performance being obtained for stimuli close to the 151 midline, and performance dropping off at more lateral locations. V performance, although 152 superior to A at the midline, dropped with eccentricity more dramatically such that A (Table 1) .
160
Multisensory gain was calculated by comparing d' values obtained in the AV condition with 161 those in the best unisensory condition, with data folded across space to determine how 162 eccentricity impacted multisensory gain ( Fig 2D) . T-tests (Bonferoni corrected for 5 163 locations) indicated that multisensory gains were non-zero at 15°, 30° and 60° (p<0.01) and 164 gain did not vary significantly with eccentricity (effect of eccentricity on multisensory gain: 165 F (4,44) =1.82, p=0.142). F (16,176) =5.73 p= 6.7686e-10). Post-hoc analysis revealed that AV reaction times were 184 significantly faster than both auditory and visual reaction times. While AV reaction times 185 were significantly faster than either modality alone, they did not violate the race-model 186 (Miller, 1982; ) , p>0.05 at all locations) and when reaction times were expressed as 187 multisensory gain (Fig. 2D,E) , no location had a significantly non-zero gain (t-test against 188 zero, Bonferoni corrected p<0.01).
190
Bias measures were calculated for performance in each modality (Fig.2C ). For both V and 191 AV trials performance was constant across space (one way repeated measures ANOVA, AV: 192 F (8,88) = 1.27, p = 0.270 V: F (8,88) = 0.64, p = 0.742) whereas for A bias was influenced by 193 spatial position (F (8,88) = 2.92, p = 0.006). Consistent with this, a two-way repeated measures 194 ANOVA directly comparing these values revealed no effect of either modality (F (2,22) = 2.76, 195 p = 0.085) or spatial position (F (8,88) = 1.279, p = 0.269), but a significant modality x position which included trials which were A-only for both reference and target, and AV reference, A-204 target trials. An AV reference provided no advantage over an A reference when the target 205 was A alone (Fig 1E) : Performance varied weakly with reference location (F (8,64) = 2.391, p = 206 0.025, post-hoc pairwise comparisons all p>0.05), but not modality (F (1,8) = 2.56, p = 0.148), 207 nor was there a significant modality x location interaction (F (8,64) = 1.788, p = 0.096, Fig. 2F ).
208
Reaction times were also uninfluenced by an AV reference stimulus (spatial position; F (8,64) = 209 1.06, p = 0.5, modality; F (1,8) = 1.179, p = 0.309, Fig. 2G ). Consistent with an AV reference 210 offering no perceptual advantage, measures of multisensory gain were not significantly 211 different from zero (t-test, all p>0.05, corrected for 5 comparisons, Fig.2I,J) . Finally we 212 considered bias: consistent with auditory performance in Experiment 1, both auditory and AV 213 reference conditions showed very similar patterns of bias, with listeners tending to show 214 positive biases in left space, and negative biases in right space indicating a preference to 215 respond towards the midline (spatial position; F (8,64) = 16.46, p = 0.000, modality; F (1,8) = 216 1.179, p = 0.309, modality x position interaction F (8,64) = 3.43 p=0.002; Fig.2H ). Thus the 217 multisensory enhancement seen in Experiment 1 required that both stimulus intervals 218 contained a multisensory stimulus. 220 In these experiments we tested the accuracy with which observers could discriminate 15° 221 shifts in location between sequentially presented reference and target stimuli. Difficulty 222 matched auditory and visual stimuli were used so that performance could be directly 223 compared across modalities. Visual accuracy was highest for central locations and fell off 224 sharply at more peripheral locations. Auditory accuracy was highest at the midline, and also 225 declined at more peripheral locations. However, the change in auditory relative localisation 226 ability with eccentricity was much smaller in magnitude (Δ dˈ change of 1.2 for A, compared 227 to Δ dˈ = 2.9 for V) than for visual ability. Performance for auditory-visual stimuli also 228 varied throughout space and, except at the midline where performance matched V (and 229 performance was at or close to ceiling), was better than either A or V at all locations. AV 230 stimuli were processed faster than A or V. Consistent with previous studies V reaction times 231 11 increased with eccentricity, and AV reaction times mirrored these, whereas processing time 232 was not contingent on eccentricity for A-only stimuli. Where and how multisensory signals are integrated for decision-making is likely to be task 
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